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cortisol can have an effect on brain cells, particularly the hippocampus which is responsible for cognitive activities such as learning and memory. In this study, we utilized a public speaking task as a stress-inducing technique. We predicted that stress would negatively impact the ability of college students to retrieve a list of words. Preliminary analyses indicate no significant difference for word-recall as a function of condition, M=12.55, SD=3.57 and M=12.45, SD=3.80.
Future studies should refine the methodology and take into consideration the time-dependence of this phenomenon.
Introduction:
The interplay between stress and memory can have a profound effect on our daily lives.
In the demanding society that we live in today we are overwhelmed by a flood of stress stimulating phenomena, including deadlines for projects and assignments in school and work, demands from family and friends, and other trials and tribulations of modern life which can further exacerbate our stress level. The scientific literature can attest to the fact that these influences modulate the psychobiological response.
Our bodies have the uncanny ability to respond to stressful events and restore homeostasis. When we perceive stress, the adrenal glands, the first line of defense in the stress response system, are activated. The brain transmits the perceived stress and instructs the adrenal glands to release the hormone adrenalin. This hormone than initiates a biological chain reaction that triggers the uptake of glucose for energy, increased beat of the heart, and tension in the muscles. All these biological activities are designed to cope with the perceived stress; the glands release the chemicals into the bloodstream, and these chemicals in turn propel the body organs into action. When the perceived stress persists the adrenal gland is further instructed to release another glucocorticoid hormone-cortisol. Cortisol can remain in the brain much longer than adrenalin and can have a greater effect on brain cells, particularly that of the hippocampus which is responsible for learning and memory. This prolonged elevation in cortisol level can become toxic to hippocampal cells (Sapolsky, 1999) .
When the brain perceives stress it stimulates (see figure 1 ) the hypothalamus to synthesis and releases CRH (corticotrophin releasing hormone), in turn, the CRH stimulates pituitary glands which results in the secretions of another hormone: ACTH (Adrenocorticotropin). ACTH stimulates the production of cortisol via the adrenal glands. This pathway results in the elevation of blood cortisol level, however, the cortisol in an effort to down-regulate its secretion will inhibit the secretion of the corticotrophin releasing hormone (CRH). When this feedback system is altered, the excessive level of cortisol caused by the excess level of the corticotrophin releasing hormone impairs the hippocampus due to its high level of cortisol receptors (McEwen, 1998 Experimental method utilizing Golgi-impregnated tissue (see figure 2) established that excess glucocorticoid can alter dentritic morphology in hippocampal neurons of adult rats (Woolley et al, 1990 ). Twenty-one days of daily injection of 10 mg of corticosterone resulted in decreased numbers of apical dentritic branch points and decreased total apical dentritic length relative to baseline. Elevation in corticosterone resulted in the structural alteration of the adult rat. Because the physiology of a rat is similar to our own, this suggests that humans might also suffer from the neurological effects of prolonged stress. The deleterious effect of this hormone in the hippocampus is by way of atrophy of the dentritic processes, disruption of the neural pathways, neural degeneration and death (Sapolsky 1999 ). Brain imaging such as positron emission tomography (PET) revealed that cortisol directly influenced the uptake of glucose in the hippocampus (De Leon et al, 1997). Another brain imaging technique that was utilized with a far more superior resolution quality was-functional magnetic resonance imaging (fMRI). In collaboration with researchers from the Netherlands, researchers from Germany were interested in testing the effects of cortisol on memory retrieval while utilizing the fMRI (Oei et al, 2007) . Twenty one male subjects participated in the study consisting of a double-blind placebo design. The subjects were given 20mg of either hydrocortisone or a placebo, in which they were instructed to ingest one hour before the scanning in order to elevate cortisol level. The subjects than had to learn a list of words outside the scanner and recognition was performed inside. This study found that during the memory retrieval, there was a significant reduction in hippocampal activation in the brain of the subjects in the cortisol treatment condition (see figure 3) . The result of the study suggests that cortisol affects the hippocampus by disrupting memory retrieval (Wolf 2009 ). In another study conducted by de Quervain and colleagues showed how stress impaired memory retrieval in rats when tested in a water maze. The rats were initially trained inside the water maze to locate a platform that was submerged at a particular area; the rats were tested on whether they could remember the location of the platform following foot-shocks. The study found that non-stressed rats were able to locate the platform in the water maze through memory better than their stressed counterparts. Stress induced high level of glucocorticoids circulation in the stressed-rats thereby, disrupting memory retrieval and their ability to locate the platform (de Quervain et al, 1998). Collectively, these results indicate that glucocoriticoids can impair memory retrieval relative to the basal levels which did not exert any adverse effects, as well as the HPA axis mediating the impairment in memory retrieval (Sapolsky 1999 ).
Extensive evidence can be found from the scientific literature on research conducted with animals and humans that indicate stress can have a profound adverse effect on cognitive process particularly that of memory retrieval, as a result of the over-secretion of glucocorticoids. Gerra (2001) and colleagues report elevated plasma concentrations of norepinephrine, epinephrine, adrencorticoorticotropic hormone, and cortisol when healthy subjects performed public speaking in addition to other cognitive task in front of a small group of audience.
Methodology:

Participants:
Students at Portland State University were recruited to participate in the research study.
There were a total of 42 students ranging in grade level from sophomore-seniors. Out of the 42 students, 15 were male and 27 were female students. They were drawn predominantly from psychology courses, and they were offered course credit in exchange for participation.
Participation in the study was voluntary for the students, if they decided not to participate in the study; they were given the opportunity to receive course credit by completing an alternative assignment that required the same time commitment as the research study.
Procedure:
The students were randomly divided into two groups, the control group and the experimental group. In the experimental condition, students were led to believe they would be giving a two-minute speech to a small audience who were going to evaluate the quality of their presentation (stress-inducing task). They were led to a room with a one-way mirror and led to believe that the small audience who were going to evaluate their speech were stationed at the other end of the one-way mirror. The experimenter after explaining the purpose of the study and signing of the consent form from the student would immediately instruct the student to give a two minute presentation about a topic of their choice unrehearsed. The experimenter was present in the room with the student throughout the duration of the experiment. The experimenter timed the presentation and following its completion would instruct the student to stop and begin the next task. The control group did not perform the public speaking task, however, they were instructed to write a two-minute paragraph about a topic of their choice and that whatever they had written would not be read by anyone. Following the completion of the respective tasks, the students were instructed to complete a short questionnaire and the PSS (perceived stress scale).
Following the completion of the questionnaire, the list of unrelated words from Mangels (1997) Strategic Processing and Memory for Temporal Order in patients with Frontal Lobe Lesions was utilized. The students were given 90 seconds to memorize the unrelated words. When 90 seconds elapsed the students were given a piece of paper with numbered lines in which the students had to write down as many of the words as they could recall within a three minute time limit. Finally, a debriefing session followed the completion of the memory task. The goal and purpose of the study was completely disclosed to the students and any questions they had about the study was answered.
Results:
Preliminary Analysis:
An analysis was conducted to ensure that the experimental manipulation did indeed result in participants believing they were being watched behind the one-way mirror. Results indicated that significantly more students in the experimental condition relative to the control group (17 vs. 4) believed someone was watching them, χ² (2, N=42) =15.65.
Next, we tested to see whether there were significant differences in memory for words as a function of gender. Test of between-subject effects with regards to gender and word memory indicated that there were no significant differences in memory recall F (1, 42) =.702, p=.41, by gender. However, additional analyses (see table 1) indicated that there was a trend for female students to indicate higher levels of perceived stress than their male counterparts F (1, 42) = 6.43, p=.015. Class standing in relation to word memory indicated that there was not a difference in how many words were remembered according to class standing. Therefore, class level was excluded from all additional analyses. These preliminary analyses collectively indicate that the stress induction (in the form of public speaking task) worked, and that gender and class standing did not play significant role in word recall.
Data Analysis:
First, we checked to see if participants remembered fewer words in the experimental condition than the control condition. However in contrast to predictions, we found no significant differences in memory for words as a function of condition. M=12.55, SD=3.57 and M=12.45,
SD=3.80 (see figure 4).
Then, we examined the levels of perceived stress and by group condition (see table 2).
Results showed that the experimental induction did not have a significant effect on levels of stress. Therefore, while the manipulation check suggested that students in the experimental condition did indeed believe there to be an audience behind the one-way mirror, this did not seem to affect their perceived levels of stress.
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We predicted that asking participants to engage in a public speaking task would result in an elevation in perceived stress, and that the rise in stress hormones would then lead to deficits in information processing, specifically a decreased number of words remembered in the experimental condition. However, our results indicate that our induction did not have any significant effects on number of words remembered. In other words, students in both condition (experimental and control) were able to recall about the same amount of words two minutes after being instructed to complete a task (either public speaking task or writing a paragraph). We suspect that the public speaking task was too mild to alter the short-term memory retrieval of students who were placed in the experimental condition, and that the timing of the memory task may have been too short to be affected by the induction.
The result of this study supports the findings from de Quervain et al (1998), and Gerra et al (2001) , that the interplay between stress and memory is a time-dependent phenomenon. de Quervain and colleagues report that when the rats were given foot-shocks 2-minutes and 4-hours before navigating the platform--they did not show impairments in memory, however, when the foot-shocks were given 30-minutes before navigating the platform there was a significant impairment in memory. Gerra and colleagues also found elevated plasma concentrations 30-minutes after stress induction. They measured plasma concentrations of different hormones before and after the subjects performed the designated tasks (which included stress inducing tasks) and reported that there was a significant increase in the different hormones including cortisol 30-minutes after.
The duration of the stress induction we utilized was two-minutes and henceforth, did not impair the memory retrieval of the college students. Our preliminary analysis confirms that the actual induction worked; students did indeed believe our statements about an observer behind the one-way mirror. However, the induction was not strong enough and lasting longer duration (2-minutes vs. 30-minutes) to adversely affect memory recall. The findings in this study relative to the aforementioned studies would therefore suggests that as the plasma concentration of the hormones for the students in the experimental condition was rising-it did not reach its peak soon enough (about 30-minutes) to negatively impact their short-term memory retrieval.
Another reason why our stress induction did not negatively impact memory could be due to the stress-induction we utilized. Our stress-induction (public speaking task) was possibly too mild to elevate the plasma concentrations of the hormones to affect memory. For instance, in the study conducted by Gerra and colleagues, the public speaking task they utilized that resulted in elevation of cortisol level in the subjects, was based on having the subject stand at a microphone and speak for 10 minutes in the presence of three people who had a video-camera and a tape recorder. In addition to the duration of the task, the presence of the three people with the objects at hand further exacerbated the subjects stress level.
Future research should include a larger sample size, as well as taking into consideration the time-dependence of this phenomenon and students should be drawn from other disciplines as well. Students in this study were drawn predominately from psychology courses that often times require their students to participate in class discussion; therefore, a task involving public speaking might not be as stressful to them as it might for other students in other disciplines.
Another benefit of having students from multiple disciplines is that it would eliminate the possibility of the students sharing the study with their peers. For example, if a student participates in the study and debriefing session follows in which the full extent of the research study is disclosed to the student, they might possibly share that information with their peers who also decide to participate in the study. It is of paramount importance to understand the interplay between stress and memory, and in particular how stress induction (in form of public speaking)
can affect the memory of college students so that methods can be devised to mitigate this condition.
